(From the Physiological Laboratory of Prof. Y. Satake, and the Pathological Laboratory (under direction o f Professor S. Nasu) Tohoku Imperial University, Sendai)
During this half century the view that the suprarenal glands of human subjects and animals, particularly the cortex, enlarge during pregnancy has been supported by several writers.1-35,*) 1) Gottschau, Arch. f. Anat. u. Entwickl., 1883, 4386 (Rabbits, the glands be come smaller on pregnancy).
2) Guieysse, C. r. Soc. Biol., 1889 , 51, 898, J. de Anat. et Physiol., 1901 y ., 312, 435 (Guinea-pigs, the cortex hypertrophies, by means of hypertrophia of cells) .
3) Ciaccio, Anat. Anz., 1903, 23, 401 (Guinea-pigs, etc., enlarges) . 4) Stoerk and Haberer, Arch. f. mikrosk. Anat., 1904, 72, 481 (A dog, the cortex and medulla hypertrophy).
5) Elliott and Tuckett, J. of Physiol., 1906, 34, 333 (Rats, guinea-pigs & rabbits . Enlargement, chiefly the cortex; probably the medulla). 6) Marrassini, Arch. Ital. de Biol., 1906, 46, 73 (Guinea-pigs , enlargement during pregnancy, especially towards end of the terminal). 7) Alquier, Cit. in Jahresber. f. ges. Med., 1907, 1, 338 (Dogs, hypertrophy of the gland in pregnancy).
8) Aschoff-Cohn, Verb. d. D. Path. Ges., 1908, 12th Meeting, 131 (Hypertrophia of the suprarenals in 2 cases out of 5 pregnant women). 9) Thomas, Beitr. z. path. Anat. u. allg. Path., 1910, 49, 228 (Hypertrophy of the cortex in two cases died of puerperal suffering). 10) Schenk, Beitr. z. kl. Chir., 1910, 67, 316 (Rabbits;  during pregnancy no variations in the cell types in the glands).
11) Sambarino, Cit. in Jahresb. d. Geb. u. Gyn., 1910, 24, 402 (Human subjects; structural changes in the cortex, none in the medulla).
12) Co1son, Arch. de Biol., 1910, 25, 535 (Bats;  enlargement of a layer in the cortex).
13) Ko1mer, Pfliigers Arch., 1912, 144, 361 (Guinea-pigs, changes in the supra renals).
14) Ko1de, Arch. f. Gyn., 1913, 99, 272 (Guinea-pigs, enlargement of the glands, contrary to rabbits).
Among the old observers, only a few failed to confirm the view (Gottschau,1) Schenk10)), but in 1924 and since then there appeared 15) Watrin, C. r. Soc. Biol., 1914, 77, 142, 207 & 321 (Rabbits, Record, 1924, 27, 202; Am. J. of Physiol., 1924, 68, 517 (Albino rats; no increase in weight of the suprarenals during pregnancy and lacta tion in those free from visible signs of disease). 27) Wehefritz, Ztschr. f. Konstitutional., 1924, 9, 161 (Huihan cadavers, the suprarenals enlarge on pregnancy, particularly the cortex).
28) Masui, Chuoo Zuigaku Zassi, 1926, 39, 1 (Mice; the suprarenals become small er on pregnancy, the zona reticularis being affected. Repetition of (25)). 29) Tamura, Brit. J. of Exp. Biol., 1927, 4, 81 (Mice;  the suprarenals become re duced in area; the zona glomerulosa hypertrophies during pregnancy and the medulla hypertrophies too at the closing period of pregnancy Ku1ka, Ibid., 1934, 157, 259 (Mouse; structual changes on pregnancy; rat, the glands enlarge, but no distinct changes in the structure; guinea-pigs, the glands (the zona reticularis) enlarges; rabbit, no changes (the cortex slightly hypertrophies)).
35) Degti, Tohoku J. of Exp. Med., 1935, 25, 334-337 some communications which decidedly refused to accept the view, such as Masui and Tamura25)28)29) (working on mice), J. C. Donald son26) (working on rats), Howard-Miller") (working on mice) and Deanesley31) (working on mice), although more recent experimental ists reported again the enlargement of the suprarenals or the cortex during pregnancy.
The work of Donaldson is particularly worth while to note in that lie was able to detect by himself that the enlargement of the suprarenals is associated with some pathological conditions of the ani mals, that is, lung infections and infections of the middle ear, but not with the pregnancy. There occurs a small increase in the weight of the glands during pregnancy only if rats are suffering from patho logical conditions.
If the findings of Donaldson be taken as holding true, all the experiments stating enlargement of the suprarenals duringpregnancy must be re-examined of their validity. No exact autopsy findings are not found in the majority of the reports above quoted. The findings of Herring,21) for example, were taken by Donaldson as not afford ing unquestionable evidence for the view adhered to by H., since they lacked any statement of findings of the middle ear.
That such a care, taken by Donaldson, is indispensable for such a study, as hypertrophy of the suprarenals of another species of animals too, is amply shown in the experiments of Riddle23) on pigeons. The presence of tuber culosis or of round worms is accompanied by a very great increase of supra renal size in pigeons.
While the suprarenals of common pigeons, dead of disease (tuberculose, as caridia, etc.) weight about forty to fifty five mgrms., and those, thought healthy but found diseased at autopsy, about twenty five mgrms., those of the birds, wholly healthy, were about twenty mgrms. in weight. The observations of Seo36) on dove-cot pigeon (columba livia var. domestica Linnaeus) give us such warning too. On questioning whether unilateral loss of the ear labyrinth itself brings about an enlargement of the suprarenals in pigeons, he was not able to duplicate the previous findings of Ceni and Nishihata and suggested to pay utmost attention to the nutritious conditions of the animals. The suprarenals of normal birds weight 31 mgrms. (mean of 82 individuals) and those deprived of food for about one week 62 mgrms. (mean of 14 individuals), are examples.
Before extending this study in various kinds of animals, we thought it necessary to strengthen the view of Donaldson" by simply re-examining his study on albino rats, and, rather unexpected ly arrived at a different conclusion, otherwise expressed, the view re jected by Donaldson, that the suprarenals enlarge during pregnancy 36) Seo, Tohoku J. of Exp. Med., 1934, 23, 336. and lactation has been confirmed in albino rats too. Table 3 of Stotsenburg from the rats fed on scraps.
The parasite cysts of the liver and the tapeworms in the intes tines were searched for, and then the heart and lungs wee examined. 140 albino rats were examined; among them 44 were pregnant or suckling.
And 61 animals were free from visible signs or disease and 79 showed pathological evidence.
The morbidity was 56.4 per cent in tote, and it was 52.3 per cent in the pregnant-lactating group and 58.3 per cent in the non-pregnant-lactating group. That the morbidity was similar in both groups may be taken as showing the number of our experiments to be not insufficient for the present purpose.
In "The rat": H. H. Donaldson38) related: The commonest ailment is a lung infection. In some colonies, middle ear infection frequently occurs. In the Institute (Wistar) colony at present middle ear disease is found in about one per cent of the animals. In the present cases, infections of the middle ears and adjacent mastoid cavity were very frequent, that is 79 animals out of 140; viz. about 56 per cent. Lung infection (bronchitis, pneumonia) was detected in 14 animals, and parasite cysts in the liver in 56 individuals, and tapeworms in the intestines in 22 animals. In the present paper, the rats suffering from middle ear and lung infection are taken as pathological cases, because the pres ent investigations were carried out for testing the validity of the statement of J.C. Donaldson,2) who seemingly paid most care upon the two types of pathological conditions, just mentioned. Even if the cases with parasite cysts in the liver and tape worms in the intestines be grouped into the pathological, our general conclusion holds true. The morbidity rate of the rats, in the paper of J. C. The tables (Tables IV-VI) , provided with the details, will be given at the terminal of the paper, and the summary tables (Tables I-III) here.
38) H. H. Dona1dson,
The rat, 2nd ed., 1924 Philad., 327-328. Actual and relative weight of the suprarenal gland of albino rats in four groups. Actual and relative weight o f the suprarenal gland of albino rats in four quarters of the gestation-lactation period. The left suprarenal body of our rats was frequently found heavier than the right, in accordance with the previous reports. And it was found in 85 percent of 96 non-pregnant-lactating animals, similar to the statistic of Degti35); the excess of the left gland over the right was on an average 11.7 percent.
It is rather curious that these figures very well coincide with the figures for another kind of animal, that is the rabbits presented, for example, by Kojima39): The left gland was heavier than the right in 78 per cent of the 100 males, 84 per cent of the 100 females. The excess of the left gland over the right was on an average 11.5 per cent in the male, 12 per cent in the female.
II.
The weight of the suprarenal glands in pregnant-lactating rats. By way of precaution, it might be now questioned whether the above gen eral disposition would suffer from modification, provided the cases with parasite cysts of the liver and tapeworms in the intestines be grouped into the patho logical.
Riddle23) observed heavy suprarenal in the pigeons with ascaridia in the intestines, compared with the wholly healthy ones.
Among the healthy, non-pregnant-lactating rats displayed in Table IV, 14  rats were found having no visible pathological changes at all, while 26 rats had parasites.
The mean weight of suprarenals in the wholly healthy rats was 27 mgrms. per 100grms. of body weight and that of 24 rats with only parasites was 23.4mgrms., further that of the rats with tapeworms alone was 22.8mgrms.
The healthy, pregnant-lactating rats given in By arranging the data from all the pregnant-lactating animals, healthy and pathological all together, according to the stage of preg nancy and lactating into quarters, Table II is compiled. It shows clearly that the suprarenals become heaviest during the second quar ter or the last half of the pregnancy and next heaviest glands are found in the third quarter, that is the former half period of lactating. In the former half of the pregnancy and the last-half of the lactating period the suprarenals are already heavier than those in the non-preg nant-lactating spell (Compare the figures in Table I ).
In the experiments on 44 guinea-pigs of Verdozzi,19) the animals, killed in the former half of the pregnancy period (8 animals), had the suprarenals weighing on an average 0.5grm., or 1grm. per kilo, and those killed in the latter half (12) 0.43grm. or 0.9grm. per kilo. The relative weight of the latter wholly coincides with the control (1grm. to 0.74grm., and probably, that is judging from his Fig. 1, 0 .9grm. on an average). In the above calculation two individ uals killed just between both periods (Nos. 111 & 160) are left aside; the large figure from No. 111 gives peculiar determination for his Figures I and II. It seems not fair to generalize such a figure, because a single case (No. 111) gave it, and is standing alone, contrary to the cases of the guinea-pigs lactating, quoted in his Table III . When no suckling was carried out after having given birth, the suprarenals inclined to become somewhat smaller in the absolute and relative weight, but the mean value of 9 individuals, killed 10-32 days after parturition was 0.4grm. or 0.9grm. per kilo, just the same as the control.
However when lactation was continued the suprarenals were weighed to increase in the absolute weight as well as the relative. The average was re spectively 0.7grm. and 1.4grms. per kilo. The average (5 animals) of those from 2 days suckling to 12 days was 0.6 grin. and 1.2grms. per kilo, and that (3 animals) of those from 20 days to 30 days was 0.8grm. and 1.6grms. per kilo. That on 15 days (3 cases) was 0.8grm. and 1.5 grins. per kilo.
If the figures of Castaldi22) be divided into two groups (from 15 days of pregnancy to 30 days and from 45 days to 62 days), the figure of the guinea-pig sacrified at the 33 days of pregnancy being left aside, both groups have quite the same average in respect to the absolute weight of the suprarenals and the relative weight which is calculated on the base of the body weight substracted by the uteric content. The former 0.77grm. and the latter 1.1 grins. per kilo.
In the rats of J. C. Dona1dson,26) the second quarter of the gestation lactation period (12-21 days) was qualified with the lowest value for the supra renal weight.
The reason for taking in the present statistique the healthy and the patho logical altogether, is that pathological conditions, such as the middle ear in fection, lung infection, and parasites in the liver and intestines, have no bear ing upon the weight of suprarenal capsules, as above fully discussed, contrary to Donaldson. , 1898, 52, 193-194. 41 ) Long and Evans, The oestrous cycle in the rat and its associated pheno mena Memoirs of Univ. Calif., Vol. 6, Berkeley, Cal.. 1922. as overthe half of cases (56 p. c.) . Parasite cyst in the liver and tape worm in intestines were found also frequently.
Such pathological conditions were not found to have any influence upon the suprarenal weight.
The weight of the suprarenal capsule is greater in the rat preg nant-lactating in comparison to the non-pregnant-lactating and it is especially so in the latter half of the pregnancy and in the former half of suckling. This conclusion holds true for both the wholly healthy rat, and the rat holding some pathological conditions.
The weight of the suprarenal capsule is slightly but definitely greater at oestrus than at dioestrus.
